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Chloramphenicol is an antibiotic which initially was isolated from culture filtrates of the fungus Streptomyces venezuelae (1-3) by Bartz (4) and subsequently was synthesized chemically (5) (6) (7) .
Chloramphenicol (Chloromycetin) is a pure chemical substance, D (-) threo-1-p-nitrophenyl-2-dichloroacetamido-1,3-propanediol, and has the following chemical structure O 1OH NHCOCHC12
NO2
It is a neutral white crystalline substance with a bitter taste and is stable in neutral and acid solutions. The drug is moderately soluble in water (0. 25 per cent at room temperature, 0.65 per cent at 700 C and up to 15 per cent in propylene glycol, 5 per cent in 50 per cent acetamide), and is insoluble in vegetable oils. Solubility in urine or serum is about the same as in water. Solutions are stable on heating.
Material for this study consisted of crystalline chloramphenicol obtained from culture filtrates, and the synthetic product.
Chloramphenicol was administered intravenously in aqueous propylene glycol or acetamide solutions to small animals at a rate of 0.1 cc. per ten seconds; dogs received 1.0 to 3.0 cc./min. Acute toxicity results are based on a seven-to 14-day observation period and chronic tolerance studies were carried out for two to four weeks in small animals and for periods of three and five weeks and over four months in dogs. The Dragstedt et al. (8) method served to interpolate results. 1 Presented at the Second Nationa! Symposium on Recent Advances in Antibiotics Research held in Washington, D. C., April 11-12, 1949 , under the auspices of the Antibiotics Study Section, National Institutes of Health, Public Health Service, Federal Security Agency. 2 Chloramphenicol is a generic name coined from the chemical structure of the compound. 3 Chloromycetin is a designated trade mark under which it was originally studied in the laboratory.
Acute Toxicity
Intravenous administration of a 0.5 per cent aqueous solution of chloramphenicol to 20-gram white mice caused slight transient ataxia with 125 to 150 mg./kg. doses. At lethal or near-lethal doses of 175 to 300 mg./kg., the mice became incoordinated, some were flaccidly prostrate and dyspneic, and death occurred within a few minutes from respiratory failure. The surviving animals appeared normal within a few minutes to one-half hour. Intraperitoneal and oral administration of toxic doses produced similar reactions. Perorally in single doses mice showed a slight dyspnea with 1.5 grams/kg. and dogs were free of reactions at 150 to 200 mg./kg. once or twice daily. Administration of a two-fold increase in the above amounts to dogs produced sporadic vomiting, acute diarrhea, irritability, occasional spasticity and clonic convulsive seizures. The comparative toxicities of the fermentation and synthetic products were nearly identical (Table I) The dogs of the former group were fed chloramphenicol six days, and the latter five days each week. The daily dosage for each dog was adjusted at weekly intervals to the gain or loss in body weight. The animals of both groups remained in good physical condition; the first group gained 0.55 to 0.85 kg., the second group, 0.45 to 2.75 kg., while two animals remained about stationary (-0.25 to + 0.3 kg.). Gastro-intestinal reactions occurred rarely; one dog vomited once after the 30th dose (50 mg./kg.), the second animal vomited once after each of the 153rd and 166th doses, and a third animal after the 173rd dose (100 mg./kg.). No diarrhea was encountered. The animals showed no disturbances of vision, hearing or somatic reflexes. The urine remained free of sugar and albumin, but occasionally following catheterization injury, blood appeared in urine. The body temperature remained normal except in one animal following catheterization injury and ensuing cystitis. Blood pressures were determined three times on each dog of the second group by an indirect tail plethysmograph method and the readings fluctuated in a normal range of 135 to 165 mm. of mercury, while six untreated dogs showed blood pressure range of 135 to 172 mm. Examination of tissues at autopsy revealed no gross pathologic changes, except focal inflammatory hemorrhagic areas of the urinary bladder of an animal with chronic ulcerative cystitis. Volume of daily urine excretion was in the range of normal dogs.
The hematology in these dogs remained relatively unchanged, although roughly about 300-350 cc. of blood were withdrawn from each dog for chloramphenicol determinations, N.P.N. and blood count studies (Figure 3 ). In one of these dogs the red cell counts decreased to 4 
Pathology
Pathologic tissue changes in non-toxic dose range of chloramphenicol were essentially absent. In the toxic range the pathology was related to a "shock-like" effect of chloramphenicol, resulting in prostration, severe respiratory depression or failure, fall of blood pressure, thready pulse, and anoxia. The visceral organs were congested with scattered petechial hemorrhages; the kidneys were moderately swollen and renal hemorrhage occurred on intravenous administration, probably due to propylene glycol (10) . The animals either died from respiratory failure within a few minutes after intravenous administration or within two hours on oral administration. The tissues of surviving animals, at the end of the seven-day observation period, on microscopic examination, were essentially free of acute degenerative changes. Tissues of dogs on daily oral intake of 100 to 200 mg./kg. for over four months were free of acute or cumulative chronic degenerative changes except some hydropic changes in capillaries of the glomerulae. Since renal hemorrhage occurred on intravenous administration of maximal tolerated doses of propylene glycol solutions of chloramphenicol, the differential histopathologic changes are under further investigation and will be reported on at a later date.
Blood Serum and Urinary Concentration and Excretion
A four-hour turbidimetric method (11) , employing Shigella sonnei as a test organism, was used to determine chloramphenicol concentration in blood serum, urine, bile and spinal fluid. One ,ug./cc. is the threshold of the test sensitivity. In-travenous administration produced initial blood serum concentration of 17 to 45 pAg./cc. at 15 minutes, roughly proportional to 19 and 50 mg./ kg. dosage. The serum levels rapidly decreased to below 1.0 ,ug./cc. at four and six hours respectively (Figure 4) . Intramuscular administration in peanut oil suspension of 90 to 101 mg./kg. produced serum levels of 1.5 to 7.5 ug./cc. for a seven-hour period and less than 1 pg./cc. at the 16th hour. When chloramphenicol in propylene glycol was given twice daily intramuscularly in doses of 37 to 46.5 mg./kg., the serum levels varied from 0 to 4 tg./cc. at two hours after the first dose, 3 to 6 ug./cc. at two hours after the second daily dose, and 0.0 to 1.0 ug./cc. on the following morning. hours respectively, indicating that chloramphenicol orally in guinea pigs is either poorly absorbed or rapidly degraded in the body.
Urinary Excretion
Urine was collected from dogs by catheterization, and from small animals in a metabolism cage. Chloramphenicol concentration in urine attained maximum levels at two to eight hours, depending P.CI. a OIL FIG. 4 Maximum serum levels occurred between two and six hours following oral administration and serum was negative in 12 to 24 hours. Chloramphenicol disappeared rapidly from serum on intravenous administration with negative findings at four to six hours. upon mode of administration ( Figure 5 ). Intravenous administration of single doses of 19 and 50 mg./kg. produced over 600 ug./cc. of urine at two hours followed by gradual fall to 3 to 4 Mtg. at 24 hours. Following oral single dose administration of 86 to 150 mg./kg. the urinary concentration reached a maximum of 1360 to 2500 ug./cc. in four to six hours and 23 to 121 ug./cc. at 24 hours. When given in oil suspension, a maximum concentration of 480 pg./cc. was reached at eight hours and 7.5 pg./cc. at 48 hours. Oral administration of two doses per day of 50 to 100 mg./kg. produced the first peak of 228 to 591 at two hours and the second peak at eight hours with 270 to 1300 jug./cc., with 25 to 76 jug./cc. at 24 hours.
When given in propylene glycol, 41 mg./kg. twice daily intramuscularly, the two-hour averages for urinary concentration were 148 jg,/cc. and the 24-hour levels were 63 to 164 ug./cc. (Table IV which it is gradually liberated and excreted in the urine. 2. Chloramphenicol was readily absorbed following parenteral and oral administration and was found in blood serum, urine, bile and cerebrospinal fluid within two hours of administration.
3. It disappeared relatively rapidly from the blood stream, within four to six hours after intravenous and 12 to 16 hours after oral administration, with maximum blood serum concentration occurring between two and six hours and maximal urinary concentration between two and 12 hours. The urinary excretion persisted for over a 24-hour period with total recovery of 3.5 to 8.7 per cent. 4 . Chloramphenicol was relatively non-toxic to animals and possessed no cumulative toxic effect on oral dosage of 100 to 200 mg./kg. per day to dogs for over a four-months period. The intravenous administration of 12.5, 25 and 50 mg./kg. was within the well-tolerated range. It caused no cumulative toxic effect on hemopoiesis, liver and kidney functions and visceral tissues. Blood pressure and respiration remained unaffected on oral intake of 200 mg./kg. per day, and on intravenous administration to barbiturized dogs of 12.5 to 25 mg./kg. Gastro-intestinal reactions were uncommon, somatic reflexes, ocular and auditory functions remained undisturbed.
5. Lethal or near-lethal amounts of chloramphenicol orally and parenterally caused acute respiratory depression or failure, accompanied by fall of blood pressure and anoxia. Transient renal hematuria, probably of glomerular origin, and hydropic degeneration of glomerular capillaries occurred on administration of toxic amounts.
6. Intramuscular administration of oil suspensions or propylene glycol solution in doses of 0.5 to 1.0 gram caused considerable local tissue induration and necrosis, and a transient induration with 0.1 to 0.2 gram doses.
7. Oral administration of chloramphenicol to dogs provided measurable levels in the blood for about eight hours and in the urine for 24 hours. 
